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(57) The present invention provides cfilorophytl-rich 
and salt-tolerant chlorella which contains a large 
amount of chlorophyll, and which makes It possible to 
suppiy cultured fishes with little contamination with en- 
vironmental contaminants such as dioxin or the like hav- 
ing been concentrated through the food-chain from sea- 
water when used as feeds for rotifers for pisciculture, 
and which can survive a long time in seawater and, con- 
sequently, which is suitable forfeeds for sea surfacepis^ 



ciculture, fishery feeds and the (ike. Chlorophyll-rloh and 
salt-tolerant Genus Chlorella mutant strain which can 
grow In a medium containing 1% by weight or more of 
sodium chloride and contains chlorophyll at a concen- 
tration of 4% or more in total on the basis of dry matter 
can be constructed by conducting a mutation treatment 
with a plurality of UV-lrradiation and a mutation treat- 
ment with a mutagen such as methanesulfonic acid es- 
ter, acrlflavine orttie like. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to chlorophyll-rlch and salt-tolerant chlorella and the like containing a high con- 
centration of chlorophyll which is a pigment material for food, and has functions of anti-gastric ulcer activity, anti-allergy 
activity, anti-cerebrovascuiar disorder activity, neodorizing activity, anti-mutagen activity, dioxin excretion promoting 
activity and the lil<e; and is excellent as health food, functional food and a material of medicines ; and survives a long 
time in seawater and, consequently, Is suitable for feeds for sea surfsce pisciculture, fishery feeds and the like. 

BACKGROUND ART 

[0002] Chlorella is unicellular green algae belong to Chlorococcales, and has been mass cultured as source of health 
food or as bait for rotifers for pisciculture because it grows relatively speedy and contains a large amount of proteins 
and essential amino acid lysine and the lilce. Further, it has been recently reported that chlorophyll containted in chlorella 
has functions of anti-mutagen activity and dioxin excretion promoting activity besides conventionally reported functions 
of anti-gastric ulcer activity, anti-hepatopathy activity, anti-allergy activity, anti-cerebrovascular disorder activity, and 
reodorlzing activity ("Food Processing", VOL. 33, NO. 8, 1998. p 18-20). This report says that human tal<es 90% or 
more of the total Intake amount of dioxin, which is the most problematic environmental contamlnante, from food, in 
partfeular, 60% of that from fish having been concentrated through the food-chain from the seawater, and that dioxin 
accumulates in adipose tissue and liver because dioxin generally shows high ratio of absorption in small intestine and 
is hard to be metabolized. 

[0003] As techniques for increasing the amount of chlorophyll contained in chlorella, a technique using a culture 
method wherein a concentration of dissolved oxygen in culture solution is arranged to be in the range of 0.5 to 6 ppm, 
the culture solution is arranged to be in the range of pH 5.5 to 7,5, hydrolysate of protein or amino acid is added to the 
solution in the range of 0.1 mg ~ 0.5 g/L-medium, and the amount of glucose in continuous culture solution is an-anged 
to be 1 0 ~ 40 mg/L-medium, and chiorelia is cultured in a tank without irradiation (Japanese Patent Publication No. 
58-40462) and a technique using a mutation treatrhent wherein chiorophyil-rich chlorella that contains chlorophyll at 
a high concentration of 3% or more in total on the basis of dry matter is constructed by UV-lrradiation of chlorella 
(Japanese Patent Publication No. 2620045) have been conventionally known. However, this mutant strain of chloro- 
phyll-rich genus chlorella that contains chlorophyll at a high concentration of 3% or more in total jiould not grow In a 
medium containing sodium chloride. 

DISCLOSURE OF THE INVENTION 

{0004} Recently, endocrine disrupters have come to draw more and more interest, and food and materials for food 
whk5h are safe and riot contaminated with dioxin or other such environmental contaminants are desired. Fish cultured 
In seawater and fed with rotifers or the like Is not the exception, and there is increasing expectation for fish with little 
contamination with environmental contaminants such as dioxin or the like having been concentrated through the food- 
chain from seawater. In order to supply the cultured fishes, It is effective to use chlorophyll-rich chlorella which has 
anti-mutagen activity and dioxin excretion promoting activity as bait for rotifers orttie like, which are baits for the cultured 
fishes. 

■ [OOOS] In case chlorella is actually used as fishery feeds, chlorella scattered on sea surface will be a live bait for 
Braohionus plteatilis or the like. However, when chiorelia, which has no salt-tolerance, is scattered on sea surface, it 
is going to die gradually because it cannot grow In seawater, and not only it does not live up to the original expectation 
as bait for rotifers for piscicultures, but also there Is a strong possibility that dead chlorella becomes remaining bait 
and then contaminates thequallty of water Therefore, conventional chloreilahas not been satisfactory in consideration 
of its utility as fishery feed even though it contains reiativeiy high concentration of chlorophyll. It has not been known 
how to construct chlorella which is salt-tolerant and adapted for seawater. 

[0006] An object of the present invention is to provide chiorophyll-rich and salt-tolerant chiorelia which contains a 
large amount of chlorophyll, and which makes it possible to supply cultured fishes with little contamination with envi- 
ronmental contaminants such as dioxin or the like having been concentrated through the food-chain from seawater 
when used as feeds for rotifers for pisciculture, and which can survive a long time In seawater and, consequently, which 
is suitable for feeds for sea surface pisciculture, fishery feeds and the like. 

{00071 The inventors have found that the above object will be attained by constructing chlorella having 2 properties, 
chiorbphyll-richness and salt-tolerance, and have dtecovered that chlorella which can grow in seawater and contains 
chlorophyll at a high concentration will be constructed reproducibly by conducting UV-in-adiation treatment and acri- 
flavine treatment to chlorella, and the present invention has been thus completed. 
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[0008] The present invention relates to chlorophyll-rich and salt-tolerant chlorella characterized in being able to grow 
in a medium containing 1% by weight or more of sodium chloride and containing a larger amount of chlorophyll in total 
than its parent strain, chlo'rophylkich and salt-toJerant chlorella characterized in being able to grow in a medium con-" 
taining 1% by weight or more of sodium chloride and containing chlorophyll at a concentr^ion of 4% or more in total 
5 on the basis of dry matter, and the above-mentioned chlorophyll-rich and salt-tolerant chlorella wherein chlorella is a 
mutant strain M-207A7 which belongs to Genus Chlorella, salt-tolerant chlorella being able to grow in a medium con- 
taining 1% by weight or more of sodium chloride characterized in being obtainable through mutagen Ization, and chlo- 
rophyll-rlch chlorella characterized in containing chlorophyll at a concentration of 4% or more in total on the basis of 
dry matter. 

10 [0009] The present invention also relates to a manufacturing method of chlorella algae characterized in cultivating 
the above-mentioned chlorella by heterotrophic culture method and harvesting chlorophyll-rich and/or salt-tolerant 
chlorella algae, fisheryfeedswhlchhavetheabove-rnentionedchlorophyll-ricrfia^ 

chlorella as active components, a constructing method of a mutant strain characterized in mutagenizinfl chlorella by 
UV-inadiation and by methanesulfonic add ester or acrlflavlne, and a constructing method of the above-mentioned 
15 mutant strain wherein the mutant strain is chlorophyll-rich and salt-tolerant Genus Chlorella mutant strain which can 
grow in a medium containing 1% by weight or more of sodium chloride and contains chlorophyll at a concentration of 
4% or more in total on the basis of dry matter. 

[0010] Chlorophyll-rich and salt-tolerant chlorella, salt-tolerant chlorella or chlorophyll-rich chlorella of the present 
invention can be constructed by mutation treatments of a parent chlorella strain. Mutation treatments with UV-irradiation 

so and/or with a mutegen are exemplified as examples of such mutation treatments. 

[0011] In the present invention, chlorella iis defined unicellular green algae which belong to Genus Chlorella of Chlo- 
rococcales. As a parent chlorella strain for mutation treatment, for example, wild-type strains separated from water or 
soil colleotedf rom lakes, orpreserved strains can beused. Example of such chlorella which belongs to Genus Chlorella 
Include C. sorokiniana, C. vulgaris, C. ellipsoldea, C. luteovlridis, G. prototheooides, C. zopfingfensis, C. vaiegata, C. 

3S xanthella, C. saccharophilia, C. miniata. 

[0012] A chlorella strain which can be cultured by heterotrophic proliferation wherein organic substance is used as 
carijon source is preferable for both a parent strain and a mutant strain. As culture medium for the chlorella strain and 
selective culture medium for the mutant strain, any medium can be used as long as the chlorella strain can proliferate, 
and examples of such medium are YM broth liquid, YM agar medium whose composition Is shown in Table 1 (both of 

30 them are made by Difco), and chlorella culture medium whose composition is shown in Table 2. 



Table 1 



(YM agar medium; made by Difco) 


Yeast extract 


3.0 g 


Malt extract 


6.0 g 


Bactopeptone 


5.0 g 


Glucose 


lO.Og 


Agar 


20.0 g 


Distilled water 


i 000 ml 



45 



SO 



55 
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Table 2 (Medium for chlorella culture) 



KN03 


1.0 g 


KHjPO, 


1.0 g 


MgSO, • 7H2O 


1.0 g 


Yeast extract 


S.O g 


Glucose 


25.0 g 


FeSO^-VHjO 


100 iftg 


A5 solution ( n . b . ) 


5 ml 


Distilled water 


1000 ml 


PH 


6.5 



(n.b.) A5 solution 



H3B0, 


2.86 g 


MnSO^ - 7H2O 


2.5 g 


ZnS04-7H,0 


0.222 g 


CuSO^-SHjO 


79.0 mg 


NajMo^ 


21.0 mg 


Distilled water 


1000 ml 



[0013] With regard to a mutation treatment with UV-irradlation, any mutation treatment can be used as long as a 
target mutant strain can be obtained from a parent strain by the treatment. A treatment method using irradiation by UV 
lamp having wavelength of 254 nm is exemplified as an example of the mutation treatment with UV-irradiation. It is 
relatively easy, as shown In Fig. 1 . to obtain a target mutant strain when the mutation by UV-irradiation is conducted 
with the UV-irradiation amount in the range of 4 ~ 10 kerg/mm2. in many cases, the target strain is more effectively 
obtainable when Irradiation is conducted repeatedly than conducted once. 

[001 4] As a mutation treatment with mutagens, any mutation treatment can be used as long as a target mutant strain 
can be obtained from a parent strain by the treatment. Examples of the mutation treatment using such mutagens are 
treatment methods using mutagens such as methanesulfonic acid ester, acrfflavine, N-methyl-^VI'-nitro-N-nltroguanl- 
dine, 5-bromouracil, hydroxylamine or the like. Among them, it is preferableto use methanesulfonfc acid ester or acri- 
flavine for constructing the target chlorella mutant strain. Though the concentration and time required for treatments 
with these mutagens are appropriately arranged according to the kind of mutagens to obtain the target strain from the 
parent strain effectively, usually the treatment is conducted under the condition where the concentration is 1 ~ 500 
ppm and time is 1 0 - 60 minutes. For Instance, preferable concentrations of methanesulfonic add ester and aGriflavine 
for the treatment are 20 - 200 ppm and 5 ~ 50 ppm respective^. 

[0O1 5] Further, It is particularly preferable to conduct both mutation treatments with UV-irradiation and with mutagens. 
For example, it is extremely difficult to construct ohiorella of the present invention, such as sait-tolerant chlorella being 
able to grow in a medium containing 1 % by weight ormore of sodium chloride, chlorophyll-rich and salt-tolerant chlorella 
being able to grow in a medium containing 1% by weight or more of sodium chloride and containing a larger amount 
of chlorophyll In total than its parent strain, particularly chlorophyll-rich and salt-tolerant chlorella being able to grow In 
a medium containing 1% by weight or more of sodium chloride and containing chlorophyll at a concentration of 4% or 
more in total on the basis of dry matter, reproduoibly with only the mutation treatment with UV-irradiation. However, if 
both a plurality of UV treatment and mutation treatment with mutagen such as methanesulfonic acid ester, acriflavine 
or the like are conducted, the above-mentioned chlorelia can be constructed reproduoibly. According to the inventors, 
it is confimned by experiments that the selection ratio of these salt-tolerant strains Is about l/IO®. 
[0016] l\^-207A7 strain, a mutant strain which belongs to Gerius Chlorella, was constructed as an example of chlo- 
rophyll-rich and salt-toierant chlorella being able to grow in a medium containing 1% by weight or more of sodium 
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chloride and containing chlorophyli at a concentration of 4% or more In total on the basis of dry matter by conducting, 
combined mutation treatment with UV-lrradlation together with a mutation treatment with acriflavine. This M-207A7 
strain is preserved in Kirin Beer Kabushiki Kaisha, Applied Bioresearch Center, 3, li/liyaharacho, Takasal<i-shi, Gunma, 
and Is subdivided under Patent Law Arttele 27(3). Further, this IVI-207A7 strain Is adopted as CCTGCM 99013 to China 
5 Center for Type Culture Collection (Wuhan University, Wuhan 430072 The People's Republic of China) at the date of 
December 10, 1999. 

[001 7] In the present invention, the expression of "being able to grow in a medium containing 1 % by weight or more 
of sodium chloride" means that chlorella is able to grow when it is inoculated into YM agar medium where 1 % by weight 
of sodium chloride had been added to, and is cultured in a dark place at BS'C for 7 days, and the expression of 
10 "containing chlorophyll at a concentration of 4% or more in total on the basis of dry matter" means that chlorella contains 
chlorophyll at a concentration of 4% ormore In total on the basis of dry tnatter when It Is inoculated into a medium for 
chlorella culture whose composition is shown in the above-mentionedTable 2, and is cultured by shake culture of 200 
rpm at 35''C for 3 days. 

15 BRIEF EXPLANATION OF DRAWING 

[0018] Fig. I ts a view showing death rate of chlorella In UV-lrradlatlon. 

BEST MODE FOR CARRY1NQ OUT THE INVENTION 

20 

t0019] The present invention will be explained in detail with exarnples, but the technical scope of the present invention 
is not limited to the examples below. 

Example 1 [Obtaining of chiorophyll-rloh and salt-tolerant chlorella] 

25 

(Isolation of a parent strain) 

[0020] Water and soli were collected from lakes in Gunfna prefecture in May to July 1 997. and were placed in agar 
medium where 1 % of antibiotic mixed solution N6 (The Society of Femientation Technology 1 991 Conference, Abstract 

30 Book p 471 ) whose composition is shown in Table 4 was added to A1 0 medium (edited by The University of Tokyo, 
Institute of IMoiecular and Cellular Biosciences, lAIW Catalogue of Strains. P 404, 1993) shown in table 3, and cultured 
at 3!5''C for 7 days, at 12/12 h light-dark cycle, and unicellular green algae of Genus Chlorella was isolated. Next, the 
isolated chlorella was completely asepBoized by pipette washing method ("Method for Phycologioai Study", Kyorltsu 
Shuppan Co., LTD., published on December 1 , 1979, p 70). This aseptic strain was Inoculated Into YM broth liquid and 

3S then cultured at SS'C for 7 days in a dark place, and a parent strain was Constmcted by isolating the proliferated strain 
with YM agar medium. 



43 



50 



55 
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Table 3 (Composition of AiO medium) 



KN03 


1.25 g 


MgSO, ' 7H3O 


1.25 g 


KHjPO^ 


1.25 g 


Fe solution (n.b.) 


1 . 0 ml 


A5 solution 


1.0 ml 


Agar 


18 g 


Distillecl water 


1000 ml 


PH 


6.0 


(ii.b) Pe solution 




FeSO^ • mfi 


1-0 g 


Distilled water 


500 ml 




2 drips 



Table 4 



(Composition of antibiotic mixed solution N6) 


Penicillin 0 potassium 


334 mg 


Streptomycin sulfate 


334 mg 


Kanamycin sulfate 


134 mg 


Gentemycin sulfate 


134 mg 


Fosfomycin 


334 mg 


Nystatin 


26 mg 


Distilled water 


100 ml 



[0021] Used after filtration and sterilization treatment with 0.22 )xm membrane filter 
(Selection of chlorophyll-rich mutant strains) 

[0022] The above-mentioned parent strain was suspended In aseptic water at cell density of 1 0^ - 1 o^ cells/ml, and 
U V-lnBdiatjon with irmdiatlon amount of 5 kerg/mm^ was conducted twice to the suspension, then the suspension was 
cultured In YM agar medium at 3S»C for 7 days In a dark place. Among colonies emerged, 50 strains of colonies 
showing green darker than the parent strain were selected and isolated. This isolated 50 rnutant strains further had a 
contaettreatmBnt for 30 minutes with 20 ppm of acriflavlne, and isolation of darkergreen colonies was repeated, then 
50 strains were selected and isolated again. 

(Selection of salt-tolerant strains) 

[0023J 50 chlorophyll-rich strains were inoculated Into YM agar medium where 1% by weight or more of sodium 
chloride had been added to, and cultured at 35»C for 7 days in a dark place. From 30 colonies emerged, M-207A7 
strain, which was chlorophyll-rich and salt-tolerant mutant strain, Was selected and isolated. Main characters of this 
mutant strain are shown in Table 5. The characters indicate that the mutant strain M-207A7 is able to grow in a medium 
containing 1% by weight of sodium chloride, 
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Tables 




(Characters and qualities) 


Size 


4~7|im 


Shape 


spherical 


Glucose methylotrophy (5%) 


+++ 


Glucose methylotrophy (10%) 


++ 


Growth in 1% eonc. of sodium chloride 


++ 


Galactose methylotrophy (1%) 




Ethanol methylotrophy 




Soluble starch 





(Measurement of contained chlorophyll) 

[0024] Thus obtained M-207A7 strain and B-1 strain available on the market as comparison were cultured in a me- 
diumforchtorella culture whose conrposltion is shown In Table 2. Further. Chip 

In Al 0 medium whose composition is shown In Table 3. Cultivations were conducted as follows; 1 00 ml of each medium 
was placed In 500 ml conical flask, and cultivated by shalce culture with 200 rpm at 35»C for ? days, after cultivation, 
culture solution was centrifuged with 3000 rpm for 15 minutes, and algae were retrieved. The amount of contained 
chlorophyll in total was measured according to a method in which absorbance at 650 nm and 665 nm of methanol 
extract liquid of the algae was measured (a method described In p 498 of "IWethod for Phycolpgloal Study", KypiitBU 
Shuppan Co. , LTD., published on December 1 , 1 979). The results are shown in Table 6. 



Table 6 



Strain 


amount of algae(g/l) 


amount of chlorophyll(%) 


medium 


IVI-207A7 (of this invention) 
B'1 (goods on the market) 
C. vulgaris C-27 


6.88 
6.60 
2.62 


4.1 
3.1 
1.7 


chlorella culture medium (Table 
2) 

chlorella culture medium (Table 
2) 

A10 medium Composition 
(Tables) 



(Feeding test using rotifers) 



[0025] 3 L of breeding solution for rotifers comprising natural seawater and tap water with the ratio of 3; 1 was injected 
into a 5 L beaker, and rotifers were put in the beaker such that the initial concentration would be 1 50 - 200 individuals/ 
ml, and water temperature was kept at 27''C. 60 v/v% suspension of chlorella PCV (Packed Cell Volume) was fed to 
rotifers for 4 days as follows; 0.1 ml per 1 00 rotifers in the moming, and 0.2 ml per 1 00 rotifers in the evening. This 
experiment was conducted 7 times, and difforiance in prjaliforation of rotifers (4days later) between M-207A7 of this 
Inventton and B-1 strain available on the market as comparison was examined. The average resutfe of 7 experiments 
are shown in Table 7. Table7 verifies that rotifers eat a Jarge amount of salt-tolerant strain which can su wive in seawater. 



Table 7 



Strain 


indiyiduals/ml 


prpllfetBtlon ratio of rotifers 


M-207A7 (of this invention) 
B-1 (goods on the market) 


1850 
1600 


proliferated by 9 ~ 12 times 
proliferated by 8 ^ 10 times 



(IWass culture of IW-207A7 strairi) 

[0026] 40 L of medium described in Table 4 was placed in 50 L jar fennenter, and ventilated at 30 Uminute, stin-ed 
at 300 rpm, then cultured in a dark place at 35'e for 3 days. Subsequently the culture solution was collected, centrifuged 
at 3000 rpm for 15 minutes, and chlorella algae were obtained. The amount of contained chlorophyll in total was 
calculated by the above method, and was 4.3% (on the basis of dry matter). As a result, it was found that chlorophyll- 
rich and salt-tolerant chlorella could be mass cultured in industrial scale while keeping its excellent characters, by 
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normal heterotrophic culture method in a tank. 
Example 2 [Reproducibility test] 

[00271 Ghlorophyll-rich and salt-tolerant chlorella was Isolated in a same manner as example 1 except that the places 
of lakes where parent strains were collected were different. As shown In Table B, chlorophyll-rich and salt-tolerant 
chlorella which can grow in a mediurri containing 1 % by weight or more of sodium chloride and contains chlorophyll at 
a ooncehtration of 4% or more in total on the basis of dry matter was obtainable from 8 lakes ofterthan the lake In 
example 1 . 



Table 8 



Lake 


Growth In 1% cone, of sodium chloride 


Amount of Ghk)rophyll(%) 


A 


++ 


4.0 


B 




4.1 


C 




4.2 


D 


+ 


4.1 


E 




4.1 


F 


++ 


4.0 


G 


+ 


4.2 


H 


+ 


4.1 



Industrial Applicability 

[0028] Chlorophyll-^rich and salt-tolerant chlorella which contains a large amount of chlorophyll, and which makes It 
possible to supply cultured fishes with little contamination with environmental contaminants such as dioxin or the like 
having been concentrated through the food-chain from seawaterwhen used as feeds for rotifers for pisciculture, and 
which can surelve a long time in seawater and, consequently, which is suitable for feeds for sea surface pisciculture, 
fishery feeds and the like can be mass cultured in industrial scale while keeping its excellent characters, by normal 
heterotrophic culture method in a tank by using the present Invention. 



1 . Chlorophyll-rieh and salt-tolerant chlorella characterized In being able to grow in a medium containing 1 % by 
weight or more of sodium chloride and containing a larger amount of chlorophyll In total then its parent strain. 

2. Chlorpphyll-rioh and salt-tolerant ohioreile characterized in being able to grow in a medium cpntaining 1 % by 
weight or more of sodium chloride and containing ohiorophyll at a concentration of 4% or more in total on the baste 
of dry matter. 

3. Chlorpphyll-rich and salt-tolerant chlorella according to claim 2, wherein chlorella te a mutant strain M-207A7 whteh 
belongs to Genus Chlorella. 

4. Salt-tolerant chlorella being able to grow in a medium containing 1 % by weight or more of sodium chloride char- 
acterized in being obtainable through mutagenization. 

5. Chlorophyll-rich chlorella characterized In containing chlorophyll at a concentration of 4% or more in total on the 
basis of dry matter. 

6. A manufacturing method of chlorella algae characterized in cultivating chlorella according to one of claims 1 to 
5 by heterotfophfc culture method and harvesting chtonophyll-rich and/or salt-tolerant chlorella algae. 

7. Fishery feed characterized in having chlorophyll-rich and salt-tolerant chlorella according to one of claims 1 to 3, 
or salt-tolerant chlorella being able to grow in a medium containing 1 % by weight or more of sodium chloride as 
active components. 
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A constructing method of a mutant strain characterized in mutagenizing clilorella by UV-inadiation and by meth-. 
anesulfonic acid ester or acrifiavine. 

The constructing method of a mutant strain according to daim 8, wherein the mutant strain is chlorophyii-rioh and 
sait-toierant Genus Chioreiia mutant strain which can grow in a medium containing 1% by weight or more of sodium 
chioride and contains chiorophyil at a concentration of 4% or more In total on the basis of dry matter. 
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